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© A" expsn&ion levies ttefedjabijf &st3K$fJ jnfe 
e computer system, for exam pis a "notebook" 
compute includes a cenfrsJ pmeeasor (10t ft?r 
eotttf$!?in$ foe opejsften of tt» axpa^skrt da. 
vica, first votatite data storage means for 
was as worfong *n» by m*"cenft$ procass&r 
aft interface (9) f&r communicating wto" ^ 
computer system, sra* means (13} for suppEring 
powv from tfte computer system to 

ewmenJs in tha axpansta/> device. In enter 
to permk a task Jo bs re-started from the asms 
pntot after powaf-dowft, s second, nowofetife 
data «tore$& maans (17) is prevkfeKf far soring 
oantert tntotmatim held interfaae and 

the date stated fn the ftrat date storage mesrss Jr: 
response to a rctquast from toe sompufcer sys- 
tem via the intedacs moans. 




~" — i — - 



I K" " 1 « 





r L_ 


















i 













j G5p 



ay 



EP0S79 833 A* 



The present invention refefes to an expansion de- 
vice de&ohabiy instsiied into a porfabie computer 
system, such as 'notebook* type «omput«r, 

Sp*dfica«y, th* present invention relates to an 
expansion device which bcapahte of resuming a task a 
cufe% and precisely from the isame paint of execu- 
tion when a computer system turns power on again 
after suapgndiao pevver suppty to it* components f c - r 
saving power 

ftecentanVanCements intechrrafogias hsareauJt. t0 
ed in a wkkspr oad us® of portable Of *nntebocr type 
computers designs* to havs a small stee and fight 
vreight to portability. 

An exempts of portafete computer is shown in ? Eg. 
la, in which portable computer 10a has relatively thin t$ 
body 1 1 0 and cover 1 20, which is coupled to body 110 
so that cover t^O can be opened and dosed 

Cover 120 has shgiiow case 121 At the bottom 
of case 121 & pafcr of cyilndricai protrusions t2St is 
forced integrally with the case, With the pzk of pro- & 
trastans 122 retatebie supported with respect la ths 
body, cover 120 iahtoged on body 110, afiowtog cover 
120 to be opened or dosed with respect to body Ho 
with an axfe of protrusions 122, in the centra] porta 
of me open side, i.e. back side, of ttte cover, liquid ? s 
cryst&E display or LCD 123 is provided as a dispiay 
means of the persona! computer (hereinaf tor the cov- 
er fs p^nuriealty ealied LCD 120), 

Body 110 has a shallow case 111 to which support 
plate 112 of a ftivan wkfth is attached to cover the rear 
portion of the upper opening of case 1 1 1 At the front 
portion of the upper opening, keyboard 113 is piaced 
as an input moans of the personal computer. At the 
back edge of keyboard 113, 0 pair of tongue protru- 
sions 1 1 4 & farmed integrity with key board 1 1 3, With as 
the pair of protrusions 114 supported axkliy with the 
front edge of support plate 112, keyboard m is 
M<>ged on piaia 112.. This aKowa keyboard m to be 
opened or cJosed with respect to case 11 1 with a n axis 
of protrusions 114, and the interior of case 111 la e^ *g 
posed when key board 113 opertad. Opening or 
cfoainQ of LC&120 with respect to body 110 and thai 
of Keyboard 113 with respect to case 111 fs accom- 
fished by two step operation on openteJose controi 
115 provided on a side of case 111 Since dosing 4$ 
LC012Q or cpenSng keyboard 1 1 3 wE£t disable compute 
or 100, mechanical operations aoch ee LCD dose and 
keyboard open are eicctricafly converted into CPU lt> 
tarnjpt facfors, 

Pig. 1§ shows the exposed mtemf of case 111 sa 
with k^board 113 heing opened, M noer centra? por- 
tfon of cose m } partition 116 is provided to separeite 
the front portion of case 111 from its re^r portion, 
titfcn 11S may be tetrad of a thin mete! ptete by a 
bendine presses !n the rear portion of oaso 1 1 1 which « 
is encioised by paditten 116, there 3a sceomfflodsied 
internal circuits (not shown} of the parsonai computer 
incbding CPU, ROM r RAM and sysfam bua. The iarsf^ 



er space Jn front of partition 1 1 g is provided to eecom- 
models expansion devices, such as floppy disk dtfvs 
(FOD) pack 117 and hard tftsfc drive {HOD} pack 110 
and isaitery paok 1 1 a. r>mvjdad en 3 side of pertrhon 
116 are connedors (not shown) wnteh compry wrth re^ 
spachVe standards for the Interna! etfsoEts of portable 
computer 10D to e}ectrloa5ly connect these pacKs with 
the oircnits. 

As a new concept for such portable computer 
100, there has been suggested thet PDO peck 11? or 
HOD pack 11 S fee used exchan^eatjfe vw^h oth^rd^ 
tachobie expartsioe devices, For example. f'DQ pscJc 
11 T ootfld be femoved from the space m the front por- 
tfen of cese 11 1 to surjsistuie CDftOW drive pack SO, 
The farm CD??OM ^Compact Disk Read Oniy Men> 
ory), as herein, is me3nt to an eptfcai disk of 
aiumintjm refieotive film type, and patticuJarlya $tor- 
ao^ medium used onty for ptaybacK whsch stores in> 
formation by making use of the fact the* depressions 
on the surface of the disk causa variation of the inten- 
sity of reflected light Capable of high density recoil 
irscr, CDRGM has been ifsod to record a great quantity 
crfirtformatiofi such as te*tdsta end progrom data, as 
weli ea audio end ilmega data {snciuding pictures, ani- 
mation and computer graphics). By incorporating a 
Cmm drive having such data playback function, 
the jponsbie oompyteras 3 new mfrdfum (or *etmn#. 
dia} is expected to oa wlrJeiy used in fieids Jncfuding 
e^ucaiEon and entertainment. 

One of the purposes for which the portabie com- 
puter is deveiupad ia outdoor use in a portable marv 
ner, Typicslfy. power soppiy is therefore not depend- 
ent on a constant AC source, out en a bakery pack 
(particuiarry WiCd. NiMH or Uion recfes^Batie oat- 
tervl s^&wn In R 9 , m. However, the haftery pack 
is limited to iho type of small seo, Sight weight and 
short fifetime. Censequentiy, measures have been 
taken in recent portable computers for Power Mary 
^cemerit or Power Save, 

One example of power save is "Suspend", which 
is to bo poweretJ down to afniost ai! portfons except 
msin memory for power save when a predetermirtad 
state occurs in whJch an ifO device activity has not 
been detected for a certain period of time or ciosiiia 
of an LCD (cowr) is detected, Sefbre the suspend 
mode is entered, the data necessary for restarting a 
task, syeh ae the hardware comext information in- 
eiudfng i;0 configyratbn and CPU staius and the 
contents of VRAM, is Bayed in main memory. On the 
other hand, the operation for restarting power auppiy 
to exit from the suspend mode for naoovory is cgiJed 
"Resume*, in the resu^ne mode, the data previously 
saved in main memory ia restored to each component 
to enabte a task to ha restarted frotn the same potat 
as that of powered down. This series of power mafN 
egement operatiene is astu3% exeosited by a pro- 
gram such as those whfch is catted PM code <fMC) 
or Advanced PM (APM}. ^ichis a trademark cf Astek 



inter natiensi. 

Omjehatlenos encountered m developing 3 cow- 
«' management technique is how can a task be <*- 
stoned oukfcly artd f rom precisely the &ame point of 
execution as of tntemjpi&n upon mwvwy From the $ 
power save mode such as suspend. 

Aa described above, the portable computer body 
thereinafter called host) saves the system informa- 
tion which was present imrnadlatary before suspend, 
such as me hardware context tn&rrrestion inciydlno « 
reoister vsfues of each chip artd the contents of 
VRAM, in main memory to preserve the *aarne poiM 
of execution* for the host. 

Far the expansien device, on the ether hand. only 
fafe*matien to he provided when the host enters the rs 
suspend mode is "power tows", in ether words, the 
host does not consider the states of the expansion de- 
vice, but consider ordy itself- that Is. whether » has 
preserved the "same point of e*ecufioo ,i to effect 
powered down, 2 $ 

Froma point of view, theexpansion device can be 
dSvrded info the one which has no CPU, e.§. ffcppy 
disk drive or FDD, and the other which ha& a build in 
CPU, s,g, bare 1 disk or HDO and CDROM dhv*, Of> 
eration of the former type Js controlled hy e com rosier 
circuit provided within the host, such as floppy disfc 
controller or RDC. In such cases, the host could pre- 
serve foe status of FDD imntediately before transition 
to suspend. <e. t the "same point of execution^ by 
managing 5iJ 

However, the case is different fo the expansion 
device having a built to CPU, This type of expansion 
devtae indues ROM for storing venous types of tirnv 
were and RM* as working area of CPU. The hoiit op* 
emting system or OS; does not directly control the ex- ,*s 
pension device, but only issues en instruction in a 
form of cotftmati*} to the CPU of the expansion device. 
The CPU of the expansion device interprets the com- 
mand f rom the host in accordance with the firmware 
in ROM and performs actual tasks by using RAM as 40 
working area. The host OS is not required to directly 
control all components within the expansion dsvSce, 
and typically has not such function. In these environ- 
ments, if the host r&fereneea only the status ot itsetf 
to be powered down,, operation results, e.g> the con* 45 
tents of RAM, on the expahs^n device wili he tost 
{i.e., because the host has nothing to do against id), 
and the tt>st coote?ti& of storage cannot be recovered 
avers if power % euppJfed again from the host, 

Ffom the descriptions above, those skilled Sn the 
art wilf readily a&pteciete that conventSonef host com- 
puters cannot restart a tas^ from prectoly the aama 
pofnt of execution, 

pjobiems which arise when the states Imme- 
diacy before transition to the suspend mode !$ last 5$ 
at the expansion device wtft now be briefly descrifeerj 
w^th an exampie of COROM drfve. 

The Rtoi at the CDROM dove has recorded va- 



rious information on the disk being inserferJ. This in* 
formation indedea data aS^cetion information $uch 
s^ Table of Contents or TOC, o^nVe parameters inov 
cistircg date rates, and outfo parameters Indketrng 
audio output tevefs. Among these, the TOC informs- 
tlcn is neoessary for searching reoording posittons 
during etaybacic of tho disk, and ^ reta ined when the 
disk contents ere reed into RAM during its insertion 
tKrt8 either tha disk is removed, or power on reset 
(FOR) is done, Each vatue ot drive and eudio parama- 
tersis dynamicaity updated dunn§ processing of conv 
mands from the host However, \f power suppty is 
pencfed only for the convenience of the beet, such 
data in RAM w&l fee tost 

Once thaae worfyng daja in RAM is tost, some 
disadvantages are foond dyring resume operetion. Of 
these, the TOC information, as with oca-mat Power On 
Reset (POR)> most he reed again from the di^k. How- 
ever, the C DRQM drive has an average access time 
of fong as 3§Q rniil^econda, requiring seoomds or 
fens of seconds even for reading the TOC informa- 
tion, {The compact disk wsoe^Sy manages information 
for each sassion. The TOD is provided for every ses- 
sion and recorded in the Lead Sn at the oeoinning of 
^ach session. The TOC has a ssse of 512 bytes per 
session, For the d isk which constats of muitipte ses- 
*k>ns. r the time required for reading: operation wiii be 
Eottoer as the number of TOCa iocreases.) The time 
duratkw from several seconds to tena of seconds ie 
too long tot the user to weS^ fcsking a random look at 
the dispfay. m such situations, the user may have 
wrong or u nfavou rafeie impresscons, like the comput- 
er is not oood enough to use* er ^he machine might 
have gene trouble* in addition, drWe end sudto para- 
meters mtist he specified a^ain, aa with normal PQH. 
in aech case, the context of tha task is destroyed, o,g, 
the disk is played back with a different audfo (a vet. 
This gives the ijeer a sense of IncompatiihtSity, Briefly, 
playback of the CDROM f$ not restarted from the 
some point of execution. Sim ilar problems might nose 
during wake up after hibernation, (for details of the 
hibernation technique for computer systems, refer to 
Japanese patent epptioatton 

With its high capacity, the CDROM, among ottv 
ers f is of ten used for providing teng programs such as 
mii piaying game, end the user Is likely to' dose the 
LCD meny times to stop a game ontii the program 
ends. Thus the probiem of the resume mode, i,e, re- 
starting a mk ouicWy from the seme point nf esecu- 
tlon, becomes more ssvere. 

Such probfem durino the resume mode, however, 
?s untikety to occur with the HDD etf;oa its average ac- 
cess time is as relst^very short as approximately 12 
mtSiiseconds. Per the magneto optics! (MO) disk 
drive, the avefage access time is as slightly tanger as 
32 mlSliseconde at most (for thick doves. With a fcetK 
5n type MO dnve > the access time f urther increases 
aa the feed motor sJjte is reduced ), the probSem of re- 
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suming being as severe as for the COROM drive. 

From the foregoing it shotrtd be raadity apparent 
to those stilted in the art that tham & required infaf. 
mjsiion fxsr retorting a task from the suspend mods 
at the frost, and ^miiariy, that there as also required 5 
information for restarting the task at the device, esps- 
ckGy at the one having its own CPU. Moreover, it 
shoutd sJeo be apparent to those ettiiad En the art that 
the t^t cannot control aft the infcm>atton*^uM by 
the device for resuming. However, if no prevision n 
ava;iabfe formgnagmg. the information a t the expan- 
sion device, a Jonger paded of time witi he necessary 
for restart^ a task end the context of the tasfc wiii be 
lost 

It » therefore an object of the present tavftRttott 1$ 
to provide an expansion device which itsaif saves the 
information whicfc is required during resume opera* 
iitm and cannot he rrmnaged at the host when me su& 
pend mode Es entered, thereby fffiowing a task to be 
resided ouwkiy and f rom precteety the same peintof x- 
execution during resume. 

This object is achieved by the invention daEmed 
5n daw 1. 

An embodiment of the invention wi)E now be da- 
acr ibed. by way of example, with reference to the se- 2$ 
compsnysno dmwJnos, in which; 

Fig. 1 3$ a block diagram of part of the hardware 
oroanbiation of a computer system in whEcn the pros- 
eat invention Es embodied. 

Fig;- 2 is the hardware oraani£atirjn of 3 C0ROM a& 
drive in which the present invention Es embodied!. 

Fig, 3 is a schematic illustration which shews the 
operation modes of a CDROM drive, 

Fi& 4 is 3 schematic illustration which shows Se- 
mite* En the COROM oViva in aacn operation mode, 35 

FfjK 5 « a flow diagram fflusttiftting operatfon of 
the CDRCM dr tva dudno. m^mal power on (POR) by 
the host. 

F 3a. 6 is a f Sow diagram illustrating operation of 
the CDROJd drive during transition to sieep by an -0 
temat time? 0? drive, 

FEa. ? is a fiow dtagastm Abating operation of 
the CDROM drive during transition to steep by an in- 
struction of the host 

Fig, u" & a f Eow diagram Castrating operation of 4$ 
the ODROM drive durino wake up from sEeep. 

9 ts a ftcw diagram Eftustratine. operation of 
the CDRQM drive during transition from actWa ( Edia or 
standby to suspend mode 

f ig. is a f tow diagram INtiStralins operation of so 
the CDRGW drive dudng tra nj&Etion tmm sleep to sus- 
pend mode. 

Fig. 11 is a ffow diagf am flktssiraf ing operation of 
the COROM drive dur^o return© from sijapend 
mode, 5s 

\2 iJiust rates opafstion of host ooniteJ and 
drtve status sigaais whan a sleep request fay the host 
oontrot 6i§flfli causes transition from active, idie w 



standby to stoep mode. 

Bfr 13 JSJusf rates opar^ilon of host control and 
dr*ve statoa senate dyriti^ wake op from steep. 

f ig. 14 SEiuairates oparstkjn of host control and 
drive status senate whan a suspend request by the 
host contmE signal causes transition f rom active, idle 
or standby to suspend mode. 

FEg. 15 illustrates operation of host contmi md 
drive status signai^ during transition from sSeep to 
suspend mode. 

Fig. 16 EJEustrates operation of host oontrot snd 
dnve status signets during resttme fajm suspend 
mode. 

Ptg- f 7 is lbs hardware confi^urayon ©fa magna- 
te opticat diS^ d<rva. 

Ffg, IB is an iaometrie view of a partgpfe compuh 
er, and particuiariy iliustratin^ s asabla state wi^ 
LCD opejwd. 

Fi9, 19 an isornaidc vfew of the portehie com- 
putei; and partscuiariy Elfustrating a state fa which the 
case interior 3s exposad vvith LCD and the keyboard 
opened, 

A preferred embodiment of the presem invention 
wifE now ba dascribed under th» foi3ewie^ haadEnos; 

A. Or§an Elation of a portabJe compyter Bystem 

B. Hardware ^mizsfan of e CQHOM drtva 

C. Operation modes oUne GfJROM dfrve 
0.1. Active mode 

tsfia mode 

C. 3. Standby mode 
CA, SJaep mode 
0.5. Suspe:nd mode 

D. ^focedufo of transitron to mspediveoparatioa 
modes of CDROM drive 

D. I, NormaS power on reset (POR) 
0. 1,1. Processing m the host 

0.1 & Processing at the CDROM drive 
0,2. Transition to sleep rRode lieirtg an inter- 
na! ti mer of the drive 

0.3, Tf3rRsilten to steep mode upon request 
from the host 

04. Return f rom sleep mode (wake up) 
O S. Transition from active, idfe and stsrsdby 
to suspend mode 

D,S. Transitbn from steep to suspend mode 
D,T. Recovery from suspend mode (resume) 

E . T5mina diagram of the operation of host centre* 
and drive status sianais 

£.1. Transition from actjve, idta and standby 
to steep mode 

, Wake up from steep made 
Transit tori ftom active, idis and standby 
to suspend mode 

£ A Transition' from sleep to suspend mode: 
£.£, Resume from suspend mode 
P. Application to magneto optfesi disfc 
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A. Organization of a portaete computer system 

!n fig. 1, main CP WO is eieeJricaity connected 
with each una withm the system via system bos 80 so 
thai it control the operation of the wnoie system 1 00. s 
Sub CPU80 sa provided to support mato CFtJTO in 
power management Within the system shown In Pig, 
1, main CPU7Q. sub and system bus 60 

ahoufd be considered to make up a host. 

CQROM drive (hereinafter aJso rafetred to as 
drive) SO 3a connected to main CPU70 threyQh system 
bus BO so that ^ can send to or reserve commands 
from the host. Drive SO fa also connected with sub 
CPUS0 thrown host Control Signal (hereinafter siso 
referred to a?* CS) 19 and two drive States Signals 
(also catted SS1 and SSZ^ 20. The function Of Signals 
19 end 20 wilt be iator described. 

Connected to system bus Su are expansion de- 
vices such as FDD and HDD. 

At the nest, whan a specified event indicating 
that a task cannot continue, such as *tCP dose* 
•keyboard open*, and: *b3tt^y<j^harged ,! , Js detect 
ed< main CPD/0 is interrupted to enter The suspend 
mode. There are two types of requests from the host 
to drive 50 for transitiw to the suspend mode, in one 
type, a suspend request Is raised under centre? of P*M 
code (PMC) 71. in this case, mafcn CPU70 requests 
suspend from drive 5(1 by using a command via sys- 
tem bus in another type of transition request, a 
suspend request arises under control of . fn 

this case, sub requests suspend from GPLhQ: 
In drive 50 vie bostGontrof sie.na! 1& {The transfer of 
a suspend request ustag a host contra* signal wtff be 
described taferO 

PMC71 can be the one which Es toaded from sys- 
tem ROM {not shown) durmg POR end can be the 
other which is incorporated in the operating system 
(OS), What & important in the present embodfmenl, 
however, is not the operation of power management 
ttseif by PMC or APM si the hc-st, but that a su&pend 
rawest is mads by the host to drive $0 in a form of 
either command or centres signal 

a. Hardware organsjcatkjn of a CDRDM drive 

Fig, 2 is a detailed bloofc diagram SSinstrati ng the 
has^uvare ofQsniz^t^on of CDROM drive SO sbown 
ftg. 1, it snoyEd be ynderstood by the foJios^rsg de^ 
acrt ptotf thai tbe pr eserrt invention is embodtsd by ws- 
ing CDROM drive SO, 

Disk (CD) ^1 as a storage medium rotatebfe 
mounted onto epirtdfe motor 5, Seneath the swrfoce 
Of disN 21 iooated F^oK Up Head 1, Motor drive Oct- 
cyit 4 oontroEs the rotation of spind?& motor 5 so t hat 
the tract? of disk 21 rotates at a constant iinear wioc- 
iiY (CLV) with respect to pick up head 1. 

P ickup head 1 is used for read data wssng tha out- 
put of Jaser to disk 2 f aod reoepton of reflected Eight. 



and is mounted onto sttder motor @ which Is movabSe 
in ihe radiai director} of 05sk 21 . 

The output isignsi from pick up head 1 is inpwt to 
servo csrcuitfdigitsS atgnai processing circuit 3 via ftf 
ampf if ter 2 for both position ccmtrof <rf pick up nead 1 
and data procea$cn$. Por posihon contm«, a control 
system wbich tet made up of servo circuit 3 and motor 
drive circuit 4 controts synchronous dnvinQ of aptadte 
moiorSand si ider motor® based en that output signal 
to enable pick up head 1 to access disk 21 Ptok up 
hood 1 & sypported by a two axts device (not shown} 
whtch is eapabte of preoistort dnvin^ end focus and 
tracking adjustabto. For data pfocessfhg ( the output 
signaf ts processed bydi^fta! signal prooessinQ; cwcwit 
iOSP) 3. To send a proooased digftaJ sfsnal to the 
host, digjteitenaioo, coovertercirouit (DAC) ? converts 
toe skjnat foto an s;Ra<o§ for output For output to a 
headphone, the s^oaS is output via OACl and audio 
amptsUer circuit & Whan the s^nat is output es digital 
data to the host, decoder circuit 9 decodes the skjrvat 
to send it to system bus SO, The servo circuit end DSP 
are shown with identical reference numeral 3, and 
may be of the same cbip or of separate chfps, 

A trey (rtot shown) tor mechanicaSiy mounting 
disk 21 is ooupted i^th toadtr^ motor 12 in a power 
transferable manner. Motor drtve dmuit 11 corttrots 
loading motor 12 in tespon^o to a si^nei from elect 
button 13 wh ich is used to indicate tray open or dos-e 
operation or a request f rom CPU f 0 (of request irotn 
the host via CPU10> f thus aitowtog reptscemtent of 
disk 21. 

CPU10 is a cotitfciEer means for controiiin^ the 
opefation of each unit within CDROM drive 50. 
CPU10 incfudes clock 14 for synchronkifig opera- 
tions P RA^IS and £iectf?caE5>> irassbte Pro. 

orammabfe (EEPROM) 17. 

ROM16 is a read onEy memory with its write data 
determined during manufacture and is used to store 
venous types of f irmware. The actual fmnware to be 
stored is y«0ri fe? sePf test p«f to? imed by drive 50 riwr- 
i:n§ start up (FOR}, <^)mmand processing for interpret- 
in§ con>mar>ds :&eot fmm the host (also caiEed host 
command^ checking drive: status such as disk tofou! 
and trav opeti ? ^oae ? or meohanicai! oontroi tor con- 
troitii>3 the drive rnechanism such as tray eject 

RAM IS ta first data saving means used by 
CPU 10 as working area and, as described in the in> 
tmduotion above, is used to atom various information 
on the disk 21 being inserted <>g. atrooatton informa- 
tion such as TOO, drive parameters Indicating data 
rates, audio parameters indicating audio output iev- 
els). There are Dynamic FSAM (P&AM) which requires 
refmsh^g of stored data and Static RAM (SFfcAM) 
which does wot require refreshing. Jn this embody 
meat, SRAW is preferred (the reason of which wfEE be 
described later), 

££PROM17 *awrit*.*nabte nonwolatite semi- 
condyotor memory and acts as second data saving 
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means, detoiis of which described befow. There ere 
two types of EEPRDM; in one type, data eao be 
erased oaiy per bit, and sn so called f tasn memory of 
artotrwr type, data can be f uliy erased by sector. AJ- 
though either type can be used as second da*a saving 
means, the tai ter allows mere efficient ope? attofla. 

interface circuit 9 to usad to control the ttow of 
data between the host and dnva so and includes a 
control redtstsr v command agister, status register, er- 
ror register and data register Of these, the states f e0- 
i^t&f includes a f isid for retaining the currentocersiion 
mode of drtve 50 {operaf&n modes otdriveSOwili be 
describee in sect 'ion C) 3 8u$y Rag far presenting 
an Activity of drive SO to the host The acbVfcy o? drive 
SO can be 3 ftssd y ssete in wti* eh a host command can 
b» executed immediately or a 8usy state in wnteri no 
host cerrsmand can be accepted due to processing of 
a task. The rioet OS can recognize the status of drive 
50 by pc8:Eng thts status racists* inter face and deced- 
ia§ drcufts are shown in 2 with kferrticel reference 
numeral % and may be configured with the same chip 
or separata chips. 

As descr&ed above, communications between 
CPU 10 of drtve SO and the host ere performed with 
commands send er received via interface drculi 9, 
arid atao with host control signal 13 and drive status 
signs* 20, 

Host centra! signal 19 is a signal used by the host 
to comniunicate its intention to drive 50 and provided 
for two purposes In ibis embodiment One is to send 
a request from the heat for changing operation mode. 
Another is to inline hanlwafe interrupt to CPU'S £ 
whi'e dock H is So halted, As described in section O x 
CDKOM drive 50 can enter en operation mode of 
steep or suspend where clock 14 of CWiO is io a halt 
state. Hatred cfaok 14 causes interface circuit 3 to 
stop and accept r>o eowroaod, Therefore, interruption 
of CPU *0byhostcontrais*gna5 19 activates docit 1*. 

Corwefsefy. dri^e statues sianai ZO is a s5g^s3 
used by drtva SO to <^>murtscate its mtantian to the 
hosi &td consists of two ss^^l tines SSI afid 
ge described abovo, SSt indioates th« activity of 
drive 50 witti a H^h or Low Sevet of signal, tta tbJs anv 
bbdEmen^ 6 busy state causes SS i to ^0 to a low :^v- 
is vhhhJ to notify the host that drive 50 moves 
veiontat% from ac«ve f Eae or i&tandtjy to aiee^ mode 
(eeeseot3onD^ 

Though dfive SO is supf^d <**h powar from the 
rsest, as showo wtitj an arrovvof r&fereriea aomerat f % 
detailed power Sines are not snown. It should t?e not- 
fed, oowever, that tumtag on or off Ms power suppty 
13 is caused oy normai powsf on (POR) or power off 
sttrie riostend ais&daoendantupcrc suspond^esume 
operetton^ 

Opefations of host oerttroi s^rt^ 19, drive statics 
s^nfli 20 and power sappty 13 wiSt be desc^bed in do- 
m in section 



C, Operation mad«» of tbo CO*OM drive 

CQfiDM doVe 5& ftse five operatton modes; Ac- 
ttvo, »dio, Standby, SIobp and Suspend, 
$ Fsg. 3 schemaUceJiy shows each operation mode 
snd transitions between tbem. Traosittori befwoerj 
eacrt mode » trio^erad by an intern^ timer of driva 
50, a request by e host <?ommaod or host .oontro) S^ 
nej N gpptbatfea of power from the bost for resume, or 
to normal apptlcetlon or suspension of power (FOR} by 
tfce host Io Fig, 3. eaoh transition is feFtfos«nted by 
arj ermw indicting a trigger, Tne procodure of trsr^ 
sttion to eoch eperettoo mode depends on Its trigger 
and wiis be desoribed in detail tn seelion D, 
i$ THe etaie of operatson of each meohanl&m and 
eiectricat circuit wfthirs drive §0 vanos between oper- 
atbn modaft. s^d their reiattonship is sbown in Pig. 4, 
in the tabfs showw in F^g. 4, ooiumn head in«s ifidioafe 
cen>ponants of drive SO (the numbers in eriuntn oeed- 
jo ings correspond to reference ouf^erais in Fig^ « rt d 
row heactns;S innate operation modes. Charsotara A 
{Active), i (JnaotJvo) and D (Dieaofed) ir? each ooiumo 
of trio tabSe denefce tbe aotivfTy stale to tbo oofffr- 
sponding operation mode of each component, ami 
2$ the activity Sevei descends in th^s order; A, t and 0. 

It shotiid be raediiy understood ^r> Figs, a and 4 
tboi eacn component witttiri drive SfJ becomes more 
toActta as the operation mode moves downward, tt 
sheuid aJso be apparent to those sWtled in the art that 
33 trie mors drive 50 becomes inactive, the more power 
reduction is achiaved. 

tn other words, as the operation mode changes 
from acttve to idto, standby, steep end suspend, cfrive 
SO goes deep into sieep, Each operaticio mode wiii 
7$ nowbadescyiEjad, 

€ Active mode 

Actwe mode is a stats io wbicb pow»f (SV, 
SOOmA, in this embodiment) is normally supplied 
from tris host and the drive is our rently executtno. 
46 a self test or host command, or the host command 
can be immediately executed. 
C± Idle mod© 

in idle roods, sp^ndfo motor o is rotatlnrj, but 
the tesar output of pick up head 1 wiii stop. Thts 
<s causes outptit to W emptifterS tobecut off. Than 
serve contfoi, i.e. position cootrof for pick up 
head 1 > on sf ider motor 6 and the two axis device 
is substantially interrupted. The ef feci of power 
save on teser output and servo controf is a de* 
crease of power consumption to JOOmA. 

When e host comrnartd is issyed in this 
mode, the active mode cars be mtored svith onty 
a time deley nocaesary for restarting servo coe>- 
trol. 

ss C,3. Standby mode 

Io standby mode, tria rotation of spindle mo- 
tor 5 wi£ also atop, i.e. motor drive circuit 4 aftd 
spindle motor S become more inactive. Tnia re~ 
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suits In decrease in power consumption to 
lOOrnA. 

When a host oornmand issued to ihts 
meds, the time r^uirad forsjtin up of spindle mo- 
tor 6 and restarting servo contra! atfows returning » 
to the aettve mode. In active, JrfEe and standby 
modes, drive SO is 5ii a state to which it can ser- 
vice the host commas imnsedlatsfy. 
Cv4. Steep mods 

§neffy> siee^ mode is s state where docfc 14 jp 
of CPU! 8 in oaited and alt mechanisms and etec> 
tricat circuits of drive 50 are in a complete halt 
state ^Disabled), Jn this mods, power is atiii sup- 
plied from the host, tout its consumption is onty of 
smart \&k current { 1 9m% thus ieading id a wg* * s 
rtifSeant power saving* 

Whan cfoeto 14 of CI*U10 is batted, refresh- 
ifvg: of memory will be disabled. Theretora, if 
provided in CPU 10 to dynamic RAM, It* 
contents are tost This emoodimem, however, 20 
employs static RAM as RAMI 5. whtch witf retain 
lis contents only with the supply of the aforamen* 
tioned teak current even in the sleep modo. 

Since halted of dock 14 causes interface cir- 
cuit § to be in a compete batt state {Dj£aOf£dj> the 2$ 
corwnand t&syed fey the host wtEt not be process- 
ed in. this mo<le> Therefore, the host muA mm a 
reouest using host control s ignal IS instead of us- 
ing a command, jSpecff fcatly* a request is made 
for interrupt of CPU 10 to activate dock 14. Refer so 
to section H for dateits.) 

One of the features of power savino vt^htc^h is 
achieved in ME», standby srcd sSeep modes Is that 
power soppty 1 3 ttaetf 3s not turned oh or off to 
each eisctrfcfli circutt within drive 50; but power 35 
saving h obtained to tne extent of approximately 
two percents of that in the active mode, i.e. 
500mA. to 10mA, by seouentiai3y forcing; each 
control system 3nto a sub&tsnisat halt state. !o 
diner wcrds r it la not. rteesssaf y for the host or 46 
drive SO to exercise frequent control over power 
supply to each electrical circuit for effecting these 
power save mode$. 
C,5,Swsp»w* mo4s 

Su»p«fld modOj if viewed f rem the host, is to 
stop power swpoiy to aJmost aiii utiiH except the 
mam msioory af te-f th» data required far restart- 

s task ha& boen saved in t he main menwy, 
Ir su&pend mods, thereto*, ttse p&wer aupptted 
ts CCjRCM drive 50 vys?3 toe OmA. In this sense, so 
the suspend fnod» k when viewed from the drive, 
3s not dtfferent from e siftte ol notmat powef oft. 
in suspend mode,, the contents of each register 
and RAM tS within intarfaoe ctrcuEt 3 of drive 50 
ere Seat due to yeiattfiry. 

One of trie objectives of the present invoiv- 
ttorn is that how the toefcavtour of drtv« 6-0 during 
tfans^tioh to the suspend mode, i.e. the state 



within drive SrO, immediateiy before powered 
down, is preserved, and which wis be described 
in detail in section D. 

. O. Procedure of transition to respedwe operatbn 
modes of the CDROM drive 

0,1, Nermet power or reset {FOR) 

Fig. s shews afiow diaoram of nomtaE oowsf 
on procaduf© {P0R}. Th& ejrpan^ioR device is 3*- 
Justmted as CDROM drive 5Q. 

When power ta apptiad at tna host (step &02)> 
the host and dove m performs the foHowtas. proc- 
essing In p3r£EteJ. 

0.1.'. Processing at th© host 

At the host, Power on Self Test {POST) 5$ 
peffoimed at step HW , and the operating, sys- 
tem (Q$) ^ Seeded to altow the computer sys- 
tem to be operative at step 206. 

The», a Device Driver to run at step 208. 
TypicaMy. the device driver to ha used has 
been specs Tied in the "contig.sys 1 ' file. 

At decision itfook 21 0 f a command is sent 
to ihe interface circuit at the expansion device 
{indudine drive 50) todetsm^ne whether con- 
nectton has actuaify been established. The 
expansion device wnich feife En conneotion is 
tnen treated as fceSng disconnected, aa sho^n 
with a No bfgnoh of decision biook 210. 

When, on the other hano\ Ibis attempt 
has been successful a further command is 
sent to the expans ion device to conf irm dtlve 
activity Of specify parameters at step 212, as 
shown wSth a Ves branch of decision biook 
210. Drive activity reform to a state NMheitter 
drive SO is currehtiy processing a task (i.e 
busy state) or not, and can be detected by the 
signet J:evet of dnva status sionai SSI {refer to 
previous descrfption and section E), Parahio- 
tars include audio {audio output tevefs) arid 
drive paramefars (set time of the power save 
timer) (&ae section D,2), rotation speed of the 
spindSo mosor ana data rate described above. 
The device drh>er, when spaoffying these 
parameters, notify drive SO of eeob specified 
vaiue, as snown with arrow 230 (such notify 
cation is not mecta if drive SO it seff specif sea 
defeat values), 

D,1 .2, Processtrs§ at the CDRQte drive 

At CDROM drive 50 ( first, self diagnostic 
test perforrned at si»p 214, The firmware fo^ 
self tost is stored in RQU 1 5 of drive 50, as de- 
soribed above, if the seff test talis, steps 215, 
218. 220 and 222 are skipped to end initiates- 
tbn {step 224}. 

When, on the other hand, the sett test has 
b^&n successful, step 210 le entered to deter- 
mine If a disk has already been inserted into 
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the disk tray, not, 9tep» 218, 220 and 222 
are skipped to end intBaikettoo {step 224), 

if the diek has already bean inserted, step 
213 ts entered to disable ejection of the disk 
ferd&k sec^fspeclfieatfy, the eject function $ 
of the disk tray % tyif ed I Wexl, at step 220, the 
disk is accused and an attempt made to 
read the TOC information, tf the read attempt 
faffs, step 222 is skipped to end initiaikatton 
(step 224), ts 

If read operation successM, the TOC 
information is recorded tn UAM 1 S within drive 
50 at step 222 to terminate the process for ini- 
tialization {step 224). The TOC information 
feeing recorded retained in RAtal 6 until the rs 
disk is repisced or power on reset (PQR), The 
TDD infonnrtaxion j& used tor fflagd request er- 
ror processing or se&rehing recording posi- 
tions for which a dfek access rwtuwl oceots 
fjn cas-e of music CDs). 55 

When mmsmn ended, disk eject ts 

enacted at step 226, 

When the pra^ssinp. described above 
ends at the host end drive 50 (step 228} r an 
actsve state 3a entered. Drive 50 r therafore* ie is 
than in a state that a can execute a bo$t com- 
mand, irnrnedlately. 
D.2, Transition to sieep mode usir>9 3h iniernai 
timer of the drive COROM drive 50 can voitmlar i Sy 
enter the sieep mode without receding a request 3*? 
from the host. Specif ieaJSy, the internal timer (nest 
shown in R@* 2) of drive SQ monitors the eiapsed 
time from the test dte'k access, and drive 5& 
whenever a given period of time is exceeded* au- 
tamsticaJiy enters the tdie, ( standby or steep $s 
mode. Fig, 6 shows a procedure far transition to 
£ieep using the internet timer. 

Until a given period is etapsed from the last 
disk access the active mode is maintained by the 
toop formed at steps 302 and 304, « 

When a given perSori of time pasass 4 laser 
wtpot Of pkk up heed 1 is stopped ana* servo 
control such as for slkier motor e (step 30G) is set 
to halt to enter the idie mode (atop Details 
of the icJe mode has beers described in section *s 
C .2 above, 

During the time betwaen the iestd'iak access 
and t^e ne«J period of time, the kfta mode 
^ fTsaintainad by ihe toop formad of ^eps a^d 
3ta 

Whan tha nm p&riod of \im& pa&aea, 
the rotation of spihtflo rhatof S stops (step 312) 
end the standby moda is entered (step W). Re- 
fer to section C.3 aoave for detoite of this mode. 

During the Hme hetween the tast disk access 55 
and the ihcfd pradetermi^ad per sad of the 
standby moda is ajajnta^ad by the ;aop formed 
of steps 314 and 316, 



When the fourth oretletermia ed hmepas«as> 
step 320 Es taken and cJocfc 1 4 of CPUi O is hailed 
to enter the sJ&ep mode. Refer to seciion c.4 
aho^efar detaiis of tha sJeep mode. $iace haUed 
dodt t4 causes interface circuit 9 to step, trar> 
aBion of oVrve 50 to the s^eap mode becomes in- 
viaibte to the host (t« eaor* mode from actrve to 
s^ndby, the hoatoaa t ecog nixe the mode of drive 
Su by poiitng the statos register within intorface 
csrctfrt The DS of the host, fhenafore, can rae- 
Oipise the operation mode of drive S0 t as descri- 
bed above,) Than, drtve SO notiffes the hosf vis 
drWe atatea signal at enienng ttta sleep 
mode before the actua* t ransitJon (stop For 
details of notiticatkjh «sing drive status sisnaJ 
$$2 t refer to section 

Thya, COHOM dtivo 50 can achieve power 
save by itself gotog deep into steep witttoai waft- 
ifyg a r&qiiest fmm the host 

Eadi pradeterminad ttrae pericd before iran- 
sAiofy to each moda (steps 304. 31 Q anO M 6) may 
be a pfevtotjsfy spactf ied vatu© before shipment 
sr programmaole by the user at the execution of 
POST 

D,3, Traptsittoa to steep mode upon reouest from 
the host !n contrast to D,2, the drive may change 
from the acrive, tdte or standby to sisep mode 
upon request by a host command or host cantroS 
srgaa! 19. Rg. 7 shows a procedure of tfaasiJion 
to sieep by an Snstruciion of the host 

The host ysas its internal timer (not shown 
m Fig. 1 > to monitor the eiapsed time from the last 
drive access {steps 402 and 404), ft determines 
the activity of drfve 50 when a predetermined 
time period passes from the last drive access 
(step 4ft5), This determination is made by check* 
Erie; the eusy tiag of interface circuit 9 or the sinnai 
ievef Of drive status s5$naE m dascrihed 
shove, tf the activity is determined as a busy 
atate, the host waita yntii o>ive SO becojttes a 
ready state. Whan the ready state is entered} the 
host sends a steep ranueat command to drive 50 
via system feus &0 ar requests sieep usiao host 
contmf sE^rtal {step 4CS). For deta^s of steep 
request by host controJ signed 1&, refer to secHon 
E. 

Drwa 50, open recaivjno the sEeep reqyest 
from the host, performs a procedure dependent 
on the oorrent operation mode, 

Dftve S0 r when it enters the active mode, 
seta at step 4:2 the busy fteo of interface circuit 
9 aad dteabies the ejection of the disK f e, sets a 
state in which ether task recuests are nega&d, 
Next, at step 414, drive 50 stops servo ccntroi for 
the feaer output of pick up head 1, stider motor 6 
and thefiketo enter the sdte stato before proceed- 
Sao to step 420. 

When drive 50 is in the idle moda, it first at 
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step 4 16 sets the busy Jtag and dis abias tha ejec* 
trart of the disk fcqutattettt to Step 412), Next at 
step 450 ataps rotsttoft of spihtiie motor 5 to erv 
tar « standby state. At this ti me, drive 50 has oon> 
pteted pnspanatton toe transition to B» siaep 5 
mods, and reieasea th e busy f teg which has seen 
sat previousty (step 422). Then, step 42$ is en- 
tered. 

If drive SO is sJreasJy to the standby mode and 
if at has gone to the standby mode with the pro- fe 
cedtire of steps 410 to 422, drive SO 3t step 426 
first sends bacfe an Acknevrtedoe atrial of iran- 
Bitten to the ataep mode through drwe status st&- 
net §S2 {eduivatent to step 318). Next drive SO 
stops dock 14 of CPUiO to co to the sieep mode is 
{step 438) and the process is ended (step 430). 
D,4. Return from sleep mods (wake op) 

Retuf n from the sieep mods Of dtfve 50 is 
caSed Wake up, Fig. 8 shows a procedure tor 
wake Up. 28 

A request for wafce up of drive SO arises by 
the 0$ at the test reQu»sttff $ a task from drive 5G 
at step 502, Rrst, the host determines whether 
drive 50 » ectuafciy in ttia sieep mode at step 504. 
The operation mode of drive 50 sen be deter- ?s 
mined fry referencing the status registe* within in- 
terface circuit 9 in s mode setjuehca from active 
to standby, as described above, but it cannot fee 
determined by interface circuit 9 during the steep 
made, instead. If the host has latched a net if ics • m 
tien of transition to steep {hereinafter ceiled: 
"steep latch 0 ; see sec-ion E} with drive status st$- 
not S&2 {steps 3 1 8 and 428 described above), the 
steep mode is detoxified. 

if dove 50 to in either the active, idte or aia«d- 
by mode, a tasfc can be processed immedSafeSy 
prefer to section G>. so that the OS sands a cenv 
mand at step $1$ and terminates processing si 
step $13. 

On the other hand, during the sleep mod*> air 4<? 
me&t all cemppnefits of drive S O ts in s hatt state, 
in which a fconwnand cannot be preceased itrotts- 
dtisfet^. Then tfta fdiowitis procadure is taken, 
f it et, the test Interrupts Cf*U10 of dffva 50 by us- 
ing host control aig^at 10 and reieases the sleep *$ 
latch af step te activate dock 14 at step 
Waxi. drtva SD seta the buay Bea at step SOS and 
dtaa&tee tte ajeption of 'the d&k at step S"S 0» to re- 
turn to tte fnode ptef to steep at step 51Z That 
is. it returns to the active mode if » was active, tte $o 
Bia mode if it was idte. or tsia stendoy mode if st 
was standby. The operation mod© antered bafofa 
trgna^jon to sfeap has been stored by the status 
register within trttafteoe drcuit 9. 

When iwavery ts CQitipJeted. the buay fteg s* 
prevSnusty boing s^t is ^a^aad and tha host is 
netifted thai ^mrnend precassing has bsoome 
pos^bie at step 514. Than, the OS Issues s conv 



trsartd at step St6 artd terminates wake up 
essingat step 5t8. 

D.5, Tfaosftkjri from actrVe, tdia and standby so 
suspand mode 

One of the features of the present embody 
merit is how dhva 50 saves the immad^laty prior 
state wftsn the ftost Uu n« ir5q the s^pend mode. 
This teaUif e wtiE oe apparent in this eeetien and 
section 0,6, 

Fig. 9 sftows a procadufe for tranaition ffom 
ihe active, idle or standby to the su&perfd mode, 

At the host, whert a specified event is detect- 
ed which tocflcates a task cannot m corstfnued. 
such as *LCD120 is ciosod\ "feeypeanl t13 
opaiiad'aod *bauery lifts dsscharoed to a given 
extent*, a n interrupt of CP U70 occurs to s ntar the 
suspend mode at step 602, it shouid be under- 
stood that deteiis of pnc»oess3j>g for the suspend 
mode is beyond the snoops of the present smbod** 
men! and wilt not be daschbed herein, 

Next, the host determines the status of drive 
$0, is. the operation mode and activiiy of the 
drive at step $04 , if drive 50 is in the steep mode, 
a preeedyfe is taken to move ffom s^eep to tne 
suspend mode via tjfanch Q{see Fi^s 10 sihd sec- 
tion D,6), When dhva 50 is in a busy stats or proc- 
essing other task, the host waits yrtfif the drive 
beoomas rsady. It drive 50 oecom^a toady, the 
host send suspend request to drive 50 a form 
el host command or host control sJ^nai in at step 
800. 

Drive $0> upon feoeivino from the host the 
suspend request, perfomrtB a procedure depend- 
eni ots tha curnant operation mod^. 

if drive SO h in the active mods, it first at step 
fiiO sets the busy fiaa and dtsabies the emotion 
of the dfstc Next, s\ step 812, it steps the laser 
output of pick up head 1 and motcr serve coniroi 
to erster the i^te state before prooeadtng to step 
01 a 

if drive 50 ;r> the 3dEe mode> it f irst sets the 
busy fieg and d&ebies the ejactjon of ihe disk at 
step 616. N*xt> at step 81S. tt stops operations 
such as the totsstton of aptrtdfe meter 5 to enter the 
standby stats before proceedino to step 614, 

Ef drive SO is atready in the standby mode, ft 
gets the busy flag and disables* th^ajectSen of the 
disk at step 622, 

Drive 50 r when it has ccmpEet&d respective 
oparaliene of steps 622 and 618. is in a state in 
which ft could accept the suspension of power 
suppjy 1 3 from the host However. S f power is sus* 
pended lmmadi^te{y af ter these steps, ifte work- 
ing data stored Ett RAMI 5 TOC infofmatiop. 
drive and audio pararTMjters) and th© contents of 
each register within interface circuit 9 wiil be Scat, 
because of these storage media is voiatiie. The 
problems sncounterad when ttteso contants are 
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lost are m described tn the Description of the P#- 
of Art above. Thus, in this embodiment* the con* 
tents of RAMI S and each register are saved in a 
non- vdtetite semiconductor date saving device of 
f:asn memory 1 7 (step 624}, in this manner, nec^ 5 
essary data is preserved before dr jve §0 releases 
th& busy flea sod notifies the host that prepare- 
tton for entering the suspend mode is cempfated 
{step 626), 

He¥i the host, upon detecting the release of fd 
the busy fiag, suspends power suppty 13 to drive 
50 at step £2$ and terminates processing tor tran- 
sition to suspend for the entire system (step 038}. 
D.S. Transition from steep to suspend mode 

Fig. 10 shows a procedure for transition from ts 
the sleep to suspend mode. That is. 10 JRufr- 
tratas a succeeding procedure of branch 0 when 
drive 50 bas been determine** to be to the steep 
mode at step 604 in Fig. & 

In the steep mods, each unit of drive SO is in 20 
a halt state, i.a the etete in whSch operation can- 
not be done to save the contents of RAMi$ and 
each register within interface circuit Therefore, 
the host interrupts CPU10 of drive 50 by using 
host contrai signal 19 at step TOO end activates w 
cJock 14 ef CPU10 at step 702, to recover opera- 
tion of each tf rstt wflfiw dtive 50 (actually return to 
the standby mode). 

Then, drive 50 sets the busy flag: end dis- 
ables the ejection of the drive at step 704. At step s& 
7CB, it saves the contents of RAM 15 and each 
register of interface circuit 9 in flash memoiy 1? 
(equivalent to step 624), 

Next, drive SO relesses the busy flag and no- 
tsf ies me host of the completion of preparation for 35 
transition to suspend el step 70S, in response to 
this notsfioaiion, the host suspends power supply 
1 3 to o> Ive 50 at step 710 and terminates pracesa* 
mo, for transition to suspend for the entire system 
at step T 12. « 
D7. Recovery from suspend mode (resume} 

One of the ef fecta of the present embod> 
meni is that ft is possible to provide an environ- 
ment irt which drive $0 pan restart e task eutekiy 
and fforn precisely the same point of executton ** 
when the hast enters a resume state. This effect 
wiK be apparent in this sexton. 

Fig, 1 1 shews a procad ur e for resuming f rom 
the suspend mode. 

In the suspend mode, the host, upon detect sp 
fag a specified event todicatino, the possibility of 
restarting a task such as 'LCD is opened", key- 
board is dosed*, end 'battery 119 ts reoharoed*, 
an mtemjptefmain CPU70 occurs at step §Q2 te 
initiate naaunia eparatiort for restarting the task. £5 
As part of this resume operation, power supply 1 3 
to drive SG regained at step 1304, ft should be 
yndet^toed that dstaifs of proossein^ for resume 



st the host is iseyond the seepa of the present em- 
bodtfftem and wtkS not be described herein. 

At the orhwe SO, power suppty atone does not 
provide tha determiftatiori if it *a for norma; POR 
or nesume. To the deteratfnatton, me bust ie- 
aues host control signal 1£ which dsf fern m wave- 
form from that for resume {refer to section £ for 
details). At step SOS, if & normal POR is deter- 
mined t tha procedure described In Fig. S and sec- 
tion D.1 is perfonrted via oranch P, On the other 
hand, if the decision is made that the power sup- 
piy is for resu me, processing o^jes to the fofiowtns 
step 503. 

At step aOB, drive 50 d&abJes the ejection of 
the disk and sets the busy flag to disable recep- 
tion of a host command. 

Next, at step B1 0, the date being saved in 
flash memory 17 is restored into each unit. As de- 
sorifced above, the totoimatlon eastored in this 
step include the TOC information, audio and dove 
parameters* and vatees oi each regfeier within in^ 
terfaoe c^cyit 0. It should be noted that data 
transfer t^comes faster since the TOC informa- 
tion is not road again from the disk, but restored 
from the semiconductor trtsmor y. This point Is 
con&idereety different from oormal PQH (see 
step 220 to f% 5 and section 0.1). ft shoui£j a$so 
be noted that the task context is not destfoyed 
aince the status at the time of task interryption, 
intruding audio and drSre parameters and register 
values* is restored, AJ*n this point differs eonaid- 
erabty from that of norma* POH, (Ouring FOR, the 
device dtfvar spacsf ses a given value or dnve 5u 
ifaetf sets a defauit vaioe. Sea steps 212 and a30 
in Fig. 5 and section O.I. J 

Ne*l drbe 50 mowes Into the operation 
mode which was tafcen at the t\tm of entering the 
suspend mode (slap 312)^ The operation mode 
taken at the time of entering the suspend nxsde 
has bean repprded m the status register within sn- 
terface circuit Since the contents of the status 
register has been restored in eertier step 810, ref* 
erence of them ensures retwe to the same ope^ 
ation mods, in thta manner, aii pnxessiaxj hyr re- 
some is oompieted (step 814), 

E. Timing: diagram of the operation of host eoatrol 
and drive status signnis 

As described above, COROM drive SO may enter 
the other modes not with a host command but with 
host centre! signs* 19. 3n edditton. the intention of the 
host may cornmontcate only with host controS signal! 
Id because the heit of dock 14 of CPU 10 inhibits re- 
ception of the hostcpmmartd. itshouidbeondefstood 
fey these sttfEeo" in the art that host control signal f GS> 
1ft acts in coop&fabon with drive status aignais 20 
{SS1 and SS2). This section wif! describe the ratattoa- 
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ship between each sjgnstf line atid the operation of 
drive 50 with refarenae to Bgs. 12 to 16. if* each tinv 
Irto, diagram shown in FSga. 12 to 16, the first Sine de- 
notes the sfona* fevei o* host control signal (OS) 19. 
the secern line the signal tevei of drive status signal s 
SSij, the third tine the signs! fevei of dhve atatus s&- 
nat the fourth tin© the voftage fevef of supph/ 
power f mm the host and the fifth line the operation 
rrtode of drive SO. 

E,1, Transition from active, idle and stahday to 

sieep mode 

Fjq. 12 as s timing diagram of each signal 

*hen a sleep request is issued by host control 

a*gnat CS. 

Host oantro! signal CS is normaiJy kept at a ts 
high teveJ and uaed to send a low leva* pulse wave 
(harsinaffar catied pui&a wave) as a hardware in- 
terrupt when an intention of the hostisoorninuni'' 
catad to CPU to. That is, if the host wants to lower 
the operation mode of drive SO by a single level as 
it sends a tow level pulse wave oniy once to Host 
control signs! CS to transfer its request To fur- 
ther tower the operatise mode by one fBval< the 
host se^tds the putse wave ones again within a 
specified time duration (T1J. To enter a farther 
icwsf iavai reoperation mode, the host senris the 
puise wave the third time within a specified time 
duration fit ) after the Ja&t puise wave Therefore^ 
hoat octroi sid/iaS for requesting sleep rep- 
resented hy three consecutive pulse waves, as so 
shawn in Fig. 12(a), when drive 50 5s in the active 
mode, by two consecutive putes waves, as 
shown in Fig, i 2(h) f in the fcite mode and by a stn- 
gia putae wave, as ahewn in Fig, 12(c), id the 
standby mode, respectively. 

Drive SO, upon raoatvtn^ such sfeeo redua&r. 
takes a stlg hi tints delay to start a predatefm^dd 
proceetuco for transition to the stoap mode {see 
9tap$ 41010 420 in Fig. 7 and seoikm 0.3). Atthts 
isnw^ drive 50 sets tha busy flag sfid tyt n§ eSttwa ^ 
states sSgrtat ^^'S into a tow Sevei Driv& status 
ft^nai SS1 is kept at a high lavd wnan drive 50 
is in a ready slate, a nd goes to s low ievei when 
a busy stete is antardd. Thus, whan driva status 
si^naf SSI is at a tow level the host command ar *s 
d isk eject request is flagatad. 

if successful ift tiTia proosefafa pf^paratofy 
for JfansJtian to d>e sleep mode> driva 50 sands » 
sinale piflsa wava to d»we statu* «?$n«J SS2 to in- 
form the ftost of Steep in, The host femambars sc 
iaat ddva 50 is Jo the siaap state by tn&riss 
edge of this puJ&e wave far {atoning, i.a, sie»p 
te>tch s as described above. After a flight time dd< 
lay foStowing tha sJaap id pwiaa wave, drive 50 
teases the dusy f Jao a nd returns drive status sl§^ as 
ml SS1 to a h^h level to oompiato transition to 

During the operation sarida of entering tha 



sleep mode, power awapiy 1 3 is kept at a voltage 
feveiof 5V. 

£.2. Wake up from sleep mode 

Fig. 13 is a timjng diagram of each si^nai at 
wake iip from steep. 

The host sands a sfooja pulse wava to tost 
oontraf st^naf OS to waka up drive SOtfam sfaap. 
Tha risictg edge df this pril^e wave is used as an 
interrupts CPU TO of drive 50. 

Whan is intetruptad, dock U 3a act*- 
vatad to ailow a predeterminea" praoaratory pro 
cedura for wake «P to be exaousad after a slight 
time deia^f {s&e siep* S1 0 to $1 4 in Rg. B and aeo- 
tion 0.4), At th is time, drive SO sets the busy f lag 
and t urns drive status si&nei SS t into a towtoveL 

tf sucoessful In the preparatory pfocedum 
i$i waka op* drive 50 releasea the busy Mag ami 
returns drive status signal 3S1 to a htgh level 
Drive 50 itself enters me operation mode which 
was present immedistety before sieap. ta oord- 
piete waka up. 

During the oeeratian series of waking up 
from sJeep, drive status signai is kept at a 
high Java? end power suppSy at a voitage levai of 
5V. 

E.a Tiansltion from active, tdie ahd stand hy to 
suspend mode 

Rg, 14 show* a timing diagram of each sio^ 
nat whan a suspend request ia sent by host cshv 
troi signal CS, 

Host control signal CS tor rea;uesini^ a swsv 
pentii depehds on tfta ounant oparaiion mode of 
drive SO. to the acdva mocta, as ahown in Fig. 
14(a), three consecuttve putsa waves with an 
equivalent intervai (T\) are sent end after a pre- 
determined time duration (T2:T2>T1), a aingie 
p^sa wave toitows. Simil arty^ in the tdie mdde f as 
shown in Ftg. 14(b)> twaconaecutive putse waves 
wfth an educate at intarvat (T1) ere aant and after 
a pfftdateymined ttme duration (T2J. a singfe 
pulse wava foltaws. in the standby moda t as 
shov/h in F5g, Hp), a single pulse wave is seat 
and after a predetefmined time duration {TZi, an- 
other single pulse wave foflows. 

Drive 50 starts a Qtvan pfooadwre for pnapa- 
ration (aea ateps 8 1 B to 8 in Bg . 0 and section 

within the spedtled ttme duration (TS) after 
fecarving the first chain of pum wavas. At this 
time, drive 50 sets the busy f ta§ ano 4 turns drive 
status stgnat into a Sow iavef. Then dnve SO 
cannot da^drimne if hesst coninoS signet CS © a 
steep or euspsnd request. Thus, the preparatory 
sequence then executed is not diffarentfmm that 
for transition to steep <see section E,Tj, 

Maxt, drive SO. upon receiving a putae wave 
again which foifows the last puisa wave after a 
S;pedif Eed t ime duration (T2), determine* tnai thte 
host cor-tfoJ s^nat CS is for a suspend request 
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Drive 5D than starts to save the contents of 
RAKJ15 and each register of interface oircuit 8 in 
flash memory 17 (see step 624 in Fig, 3 end sec- 
tion 

If suoeessfui En saving date in flash memory 
17, drive SO reEeasee the busy flag and returns 
drive states signa* SS1 to a high level At this 
time, drive SO itseif enters the suspend mode> 

Thereafter* the host conf srms thai the prose- 
dure for entering suspend for the hostitsetf, other 
expansion devices, and the tike has dean conv 
pfeted, to suspend power supply 13, to response 
(0 this suspension of power supply, the host cojv 
tml signal ami drive statue sigrtsis SSI and 332 
are also turned! into a tow 5evei, 
E,4> Transition from sleep to suspend mode 

Fig.,. 15 isatiming diegramoT each signet dur- 
ing transition from sleep to suspend mode. 

Ddve SO, if to tt*e sfeep mode, must return 
from a temporary halt state for processing sucfi 
as saving data in flash memory 1 ?. Theft, ma Host 
sends a slngie pulae wave to host sootros signal 
to interrupt o* dwc 50. Next drive g$ 

executes s given procedure for returning to {'foe 
standby mode, such as activating elook 14.- At this 
time, drtve $0 sets tits busy tSag and turns drive 
status $|o.na3 SSt into a f m teveJ, Details of these 
operations are the same as for wake up from 
sJeep to standby described in section EL2. 

Returning to tha standby made, drive 50 re- 
leases tha busy Hag and returns drive status sig- 
nal SSI to a ttgh ievsi, Next, it par for ma 3 proce- 
dure for trans&lon front She standby to suspend 
mode. Details of the procedure aw the same as 
that for 

Resume f rem suspend mode 

Fig. 1 8 5s a timing diagramed each sien&E dur- 
ing resume fr om suspend mode. 

During suspend mode, the host starts re- 
sume operation when an interrupt factor occurs In 
main CPUTtf 3t tha host, a:^ as part ci tha oper- 
ation restarts power ayppsy n to dwe SO. 

laresponsetothefestartof power s-up^y 13, 
drive status senate SSI and 3S2 returns to a 
htg^ level, Drive 5£> f frst performs roa-et proo^as- 
irtg such as feturrtitig ptcfe up head 1 to fts origjo, 

D«ri«g ftormaJ POR< host conifof s^nal OS, 
as a drivft sJat^sa iginai, is set to a friQh iavet ypoo 
po>verorv. On the other hand, rinrtng restima frem 
suspend, the hostt?aaps nostooRtraJ sJgnsjJ GSat 
a low J«v8t for a spaetf fod period of time. There- 
fOFe, drtve SO cart determine that powef auppiy is 
for resume {or for PORif by oonf Srmsrtg fvost con- 
tm{ sigaai CS of a faw Eevei ^or high leva*) imme- 
dtateJy after raset proseasihg, Ttm, ths host as^ 
serfs resume operation by keeping host control 
CS st a tow Jevei 

Uporj datectiitg resume, drive m parforme 



racovory processing such as restoring dsfa from 
ftaah memory 1? into each oomoortent. Tnm 
drive 50 seta the trusy fiag a nd turns drive status 
signal SSI into a Sow teveL Ourirtg that tjmo, any 
9 hosf oommssnd Of request of dfek ejeciion is ne- 

gated. 

Upon comptetitTg recovery operate dnVe 
$Orefeases tha feusy f Sag and fetwrns drive status 
signg} SSt to a h^Eh tevei to return to the opera- 
to won mode entered immediately twtore suspend, 
AJthougn this embodiment uses onty 3 stogte 
<f dve status s^nei S3 1 to aHow reouests for tf srv 
sltion io a number of operation modes to ha rep- 
resented, fey varyin0 the sJgnsri waveform, the 
?s pri ncipies of tfca praaerit Enventfon are not limited 
to tftia emixj^ment, Tor example* eaoh transition 
to the operation mode woukt have its own stanaJ 
Itha 3hd any regusst for transition may Jse repre- 
smm by a stnajie pulse wave. 

SQ 

Apcts«tton to magnate optical disk 

The preferred embodtmervt of the present inven- 
tion uses a CDRDM drive. However, magneto optica! 

2$ deskx whSoh are simjiarto COROM drirves in structure 
aod effacts, also have problems which can he ad- 
dressed by lh& preaertt fovente This seciton will 
hrteffydeecrtbe that the present jrwemion can alao he 
practised in Nation to magneto optics* O^sk drives, 

s& Bg, 17 snows the h3^o^vsrec^ 

neto optics! dssk drive £1 in wn*cn the pfeseht inven- 
tion is practised, tdanf fcat referijnoe numfjsrs indicate 
eimilat componenta to those shown In Rg. 2. Magne- 
to optica! disk drive 5-1 differs from CDROftA dr>Ve 50 

35 in that dnVe m further incfudea rnannetic octi 25 for 
write operatioii to magneto optical (WO) disk 2&> drfve 
oircuit 2^ for driving magneto co» 25. anaSoo/digita! 
converter circuit (ADC) 24 for oonvertmo, ehatog Input 
Into digitat sigoaJa and encoo^rdrciiii 23fereiiooding 

<o aig:Rais. 

ttohoutd be readisy understood by these aiulled in 
the art that de$cfript;ons in saoUons A to E atso appty 
to this magneto optical disk drive 51 

By ue^ng the pfase»H invention, ;t i$ posslhte te> 

4& pnavide en expa nsion device detsefca My instalfad into 
a computer system (host) and cep&frte of puickly ahd 
exact jy Sn reaporise to a series of operations far power 
management at trie hosl Ftirtttermnre t it is posaibte 
to provide en environment tor a portofte compiitar 

s& system wherein the expansion device itself saves tha 
Information whkh igi reAoired dvrtng resume opera- 
tion and cannot be manngad at th& host when th« sus- 
pend mode ta entered, thereby aslowino a ta^ to ha 
restarted ou«*sy and f rom practsaly th» same point of 

ss execution during resume. 
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Claims 

t Aft expansion d&vfcee deiacha&Jy insiafted into a 
computer system, the expansion device compris- 
ing centra processtag m?.$n% tot controlling the 
operation of said expansion device, ftrsi, volattte 
data atorase means for use as working araa &y 
said cenftat processing means, interface means 
for oofranufltaotlng with saSd computer system, 
means for supplying power from the o&rnpufer 
system to the powensd elJ&tnents m said expan- 
sion device, end seoood, non-vo!at:!e data stor- 
age means fm saving infortnaticn oeid by said rv 
ierfaee meens and data sfcomd in said first data 
storage means En response to a rsquesi fnsm seid 
computer system via said Interface means, 

Z The expanskmdevice ofdsim % wharein said ex- 
pansion device :e a CDRGM drive or e magneto 
optica: disK drive. 

& Ths expansion device of cfaim 1 or 2. wherein 
said first data storage means is & atatte fSAftS. 

4> Tfre expansion device of claim \, 2 or % wherein 
mvi infcarfaoe moans receives a tequest from 
eai<} computer system in the form of a command. 

5, The expansion device of ctaim 1 , 2 or 3, wherein 
said interface meana receives a request from 
said computer system in the form of a hardware 
interrupt 

6. The axoanston device of any preceding ciaim, 
wherein aaid second data storage means is a 
fiash memory, 

r, A method for oontroHing, an expansion device as 
ciai mad in daim 1 , oomprSs^ the steps of n&cetV 
ino, s prior notification of powers down from 
said computer system^ seeing in said second data 
storage mesas context information heid py said 
interface means end the data stored in said first 
data storage in response to &atd notification, no- 
tifying said computer system of the compiefiofi of 
said saving step, and powering down the expan- 
sion device by said computer system in response 
to said notif ication, 

a, A method as claimed in of a*m 7, further induding 
the steps of mcesvinc; an instruction from arid 
computer system who n power supply ie restarted, 
restoring the date saved by said second data stor- 
age means to said interface mean& and said firai 
data storage means in response to said instruct 
iion v notifying said computer system of the conv 
pJetion of said restoring step, and restarting pow- 
er auppiy Py said compote* system in response to 
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